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Under iron-limited conditions, marine microorganisms are able to secrete 
low-molecular-weight, highly specific iron chelators termed siderophores. 
These compounds scavenge iron from protein complexes or insoluble 
hydroxides in the extracellular environment and transport it to the cell cytosol 
via a membrane-bound receptor protein in the microorganism. Iron is a 
necessary requirement in marine ecosystems. Therefore research on 
siderophores is very significant to interpretation of high nitrate low 
chlorophyll (HNLC) regions and iron hypothesis. Besides, siderophores can be 
widely applied to medication, agriculture, environmental protection and so on. 
In this thesis, coarse isolation was carried out for siderophores secreted by 
microalgaes. High performance liquid chromatography-mass spectrometry 
(HPLC-MS) was applied to analysis of siderophores combined with metals. 
Simultaneously, resonance rayleigh scattering technique (RRS) was adopted to 
catechol determination. It will provide the foundation for speciation of 
available iron in marine ecosystems. It will also exploit wider fields for 
analytic technologies. 
Chapter 1 was an overview of the academic knowledge, investigative 
significance, and the current research status about siderophores. It summarized 
investigative background, purpose and contents. 
In Chapter 2, appropriate microalgaes were ascertained on the basis of 
investigation for siderophore secreted by different microalgaes. A systematic 
investigation about the growth of Prorocentrum donghaiense Lu made sure of 















secreted by P. donghaiense Lu and Alexandrium tamarense (Lebour) Balech 
were carried on respectively by column chromatography and liquid-liquid 
extraction. 
In chapter 3, HPLC-MS method was developed for the analysis of 
siderophores combined with metals. The effect of chromatogram conditions 
was detected on the separation of siederophores and metal chelator. Thereout, 
the optimal conditions was achieved. Under the optimal conditions, the 
analysis of siderophores coupled with iron and aluminum was investigated. 
Furthermore, the effect of aluminum on siderophores combined with iron was 
surveyed. 
RRS technique for the catechol determination was discussed in detail in 
chapter 4. The appropriate conditions of CAS reaction recurred to orthogonal 
test. The adaptively resonance luminescence wavelength was attained. 
Standard curve was also obtained. 
Major conclusions and recommendations for future research were 
summarized in chapter 6. 
 
Keywords：Siderophore; High Performance Liquid Chromatography-Mass 
























第一章  文献综述 
1.1  铁载体 
1.1.1  铁载体的研究状况、特点及分类 
“铁载体”一词来源于希腊语，译为铁的转运体（Iron Bearer），它是
微生物在铁限制条件下分泌的一种非卟啉、非蛋白质而又与铁具有极强亲




































（2）铁载体具有多齿配位基（一般为 2 或 3 个），可与铁形成六齿配位的
八面体化合物。 





































二聚肽（见图 1-1 及表 1-1）。铁色素类由三个羟酰鸟氨酸形成一个三聚肽，
此三聚肽与其它三个中性氨基酸相联合形成一个六齿配位基，其中一个氨
基酸必为甘氨酸，另外两个可以是丝氨酸或丙氨酸（见图 1-2 及表 1-2）。
镰饱酸类是由多个羟酰鸟氨酸基团首尾相连形成链状多聚物或环状三聚




















图 1-1  粪生素类铁载体的结构示意图 
表 1-1  粪生素类铁载体结构中对应取代基 
Siderophore R1 R2 R3 R4 
Coprogen H -COCH3 a a 
Coprogen B H H a a 
Neocoprogen Ⅰ H -COCH3 CH3 a 
Isoneocoprogen Ⅰ H -COCH3 a CH3 
Neocoprogen Ⅱ H -COCH3 CH3 CH3 
Nα-Dimethylcoprogen CH3 CH3 a a 
Nα-Dimethylneocoprogen CH3 CH3 CH3 a 
Nα-Dimethylisoneocoprogen CH3 CH3 a CH3 
Hydroxycoprogen H -COCH3 a g 
HydroxyneocoprogenⅠ H -COCH3 CH3 a 











































图 1-2  铁色素类铁载体的结构示意图 
表 1-2  铁色素类铁载体结构中对应取代基 
Siderophore R1 R2 R3 R4 R5 
Ferrichrome H H CH3 CH3 CH3 
Ferrichrome A CH2OH CH2OH c c c 
Ferrichrome C H CH3 CH3 CH3 CH3 
Sake Colorant A CH2OH CH3 CH3 CH3 CH3 
Ferricrocin H CH2OH CH3 CH3 CH3 
Ferrichrysin CH2OH CH2OH CH3 CH3 CH3 
Malonichrome H CH3 d d d 
Ferrichrysin CH2OH CH2OH a a a 
Ferrirhodin CH2OH CH2OH e e e 
Asperchrome A CH2OH CH3 a a a 
Asperchrome B1 CH2OH CH2OH CH3 a a 
Asperchrome B2 CH2OH CH2OH a CH3 a 
Asperchrome B3 CH2OH CH2OH a a CH3 
Asperchrome C CH2OH CH2OH b a a 
Asperchrome D1 CH2OH CH2OH a CH3 CH3 
Asperchrome D2 CH2OH CH2OH CH3 a CH3 
Asperchrome D3 CH2OH CH2OH CH3 CH3 a 
Asperchrome E CH2OH CH2OH e a a 
Asperchrome F1 CH2OH CH2OH f a a 
















































a b  
图 1-3  镰饱氨酸类铁载体链状（a）及环状（b）结构示意图 
表 1-3  镰饱氨酸类铁载体链状（1～6）及环状（7～9）结构对应取代基 
Siderophore R n 
(1) cis-Fusarinine H 1 
(2) Nα-Acetyl-cis-fusarinine -COCH3 1 
(3) Fusarinine A H 2 
(4) Nα-Diacetylfusarinine -COCH3 2 
(5) Fusarinine B H 3 
(6) Nα-Triacetylfusarine B -COCH3 3 
(7) Fusarinine C(fusigen) H  
(8) Nα-Triacetylfusarine C -COCH3  




































图 2-4  表 1-1～表 1-2 中 a～g 代表的取代基 
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